Objectives. To report the development of corneal ulcers in two children wearing Paragon Corneal Refractive Therapy (CRT) lenses. Methods. Two case reports of children who developed corneal ulcers when fit with Paragon CRT contact lenses, which were worn nightly, are discussed. Each patient presented with a bacterial corneal ulcer after wearing CRT contact lenses for less than 6 months. In the first patient, Pseudomonas aeruginosa was identified as the causative organism. In the second patient, Haemophilus influenza was cultured from the ulcer. Results. Both patients were treated with intensive, fortified antibiotics with rapid resolution of the corneal ulcers and preservation of vision. No surgical intervention was required. Conclusions. Paragon CRT lenses have been approved for use in patients of all ages. When used in children, these lenses may present unique problems. The absolute incidence of bacterial corneal ulcers in patients with CRT lenses are unknown. Severe caution should be used before prescribing CRT lenses for children and informed consent should include potential sight-threatening corneal ulcers. Key Words: CRT lenses-Corneal ulcers-Bacterial keratitisPediatric population.
Orthokeratology originally involved the use of low-oxygen transmitting rigid contact lenses for the reshaping of the cornea. This technique was popular in the 1960s and 1970s. 1 Orthokeratology fell from popularity because of the failure of the technique, thought to be associated with the low-oxygen transmitting rigid contact lenses. Recently, the concept has been reintroduced with the use of hyper-oxygen transmissible rigid contact lenses. 2 In 2002, the U.S. Food and Drug Administration (FDA) approved the Paragon Corneal Refractive Therapy (CRT; Mesa, AZ) gas permeable contact lenses for the correction of myopia up to Ϫ6 D with or without the correction of astigmatism up to Ϫ1.75 D. 3 The approval extended to all ages. In this report, we discuss two cases of bacterial keratitis that developed in pediatric patients who were fitted with CRT lenses.
MATERIALS AND METHODS

Case Reports
Case 1
A 9-year-old Korean girl presented with complaints of pain, redness, and loss of vision in her left eye. She had been fitted with the Paragon CRT lenses 4 months prior for attempted correction of her myopic astigmatism. Before being fitted for CRT lenses, her prescription was Ϫ3.75 ϩ 1.25 axis 90°OD and Ϫ3.25 ϩ 1.00 axis 90°OS. Both parents were highly myopic and were professors at the local university; they requested that their daughter be fitted with the Paragon CRT lenses soon after FDA approval in hopes that it would halt the progression of her myopia. The patient stated that initially the contact lenses were uncomfortable when inserted in the evening, but eventually she became tolerant of the discomfort. Four days before presentation she noted redness in the left eye when she placed the contact lenses in her eyes before bed. On the morning of presentation, the school nurse noted extreme redness of the left eye and contacted the patient's mother. On presentation, her visual acuity was 20/40 OD and 20/400 OS. Examination of the right eye revealed a manifest refraction of Ϫ1.50 ϩ 0.75 axis 180°, with the resultant visual acuity of 20/25Ϫ. Refraction could not improve the vision OS. Slitlamp examination and fundus examination OD were unremarkable. Slitlamp examination OS revealed marked ciliary flush and a 3-mm corneal ulcer with a surrounding corneal infiltrate 6 mm in diameter. The ulcer had approximately 25% tissue loss. A 10% hypopyon was present in the anterior chamber and the patient was extremely photophobic prior to dilation.
After dilation, fundus examination of the posterior pole revealed no cells in the vitreous and an apparently healthy fundus. Initially, corneal scrapings for culture and sensitivity were performed. Cycloplegia was obtained with homatropine 5% and the patient was started on fortified cephazolin 50 mg/mL and tobramycin 14 mg/mL every 1 minute for the first 15 minutes. On ascertaining the competency of her mother to place the drops, the patient was sent home with instructions to use the fortified antibiotics every 30 minutes until bedtime and every 1 hour during the night. Culture and sensitivity reports demonstrated Pseudomonas aeruginosa sensitive to ciprofloxacin, gentamicin, and tobramycin. Over the course of the next 5 days, the ulcer rapidly responded to fortified antibiotics that were tapered based on clinical presentation and by Day 6, the ulcer was completely epithelialized with resolution of the hypopyon and marked decrease in the corneal infiltrate. By Week 2, the patient had regained 20/50 vision OS and by Week 6, the patient had regained 20/30 vision OS with a manifest refraction of Ϫ5.00 ϩ 1.75 axis 90°. Cultures of the contact lenses were not performed because, on realizing the severity of the situation, the parents disposed of the contact lenses. At the 6-month visit, the patient's visual acuity remained 20/20 OD and 20/30 OS, with a cycloplegic refraction of Ϫ5.75 ϩ 1.75 axis 90°OD and Ϫ5.00 ϩ 1.50 axis 90°OS.
Case 2
An 11-year-old Korean male presented with pain, redness, and loss of vision OD for the previous 3 days. His parents were both highly myopic, and were scientists involved in the medical technology field. At FDA approval of the Paragon CRT lenses, they had requested their son be fitted with this lens in the attempt to halt the progression of his myopia and aid in his ability to participate in soccer and lacrosse. Before presentation, the patient's parents stated he was able to see 20/20 with his spectacles (Ϫ3.50 ϩ 1.00 axis 90°OD and Ϫ3.75 ϩ 1.25 axis 90°OS). The child stated he had never found the CRT lenses difficult to insert or remove and the lenses had been comfortable since he began using them. However, approximately 5 days before presentation, he noted some redness in the right cornea in the morning after removal of the lens. Two days before that, the patient noted decreased vision OD, yet he continued to wear the CRT lenses at bedtime because he thought the lenses were good for his vision. When he awoke on the day of presentation, the patient noticed loss of vision OD and notified his parents, who immediately sought medical attention.
On examination, the patient was extremely photophobic and in obvious discomfort. The visual acuity OD was count fingers and 20/40 OS. External examination revealed moderate injection with ciliary flush OD. Manifest refraction of the left eye improved the vision to 20/30, with a manifest refraction Ϫ2.00 ϩ 1.75 axis 180°. Examination of the left eye at slitlamp and with the indirect ophthalmoscope was normal. Examination of the right eye revealed a 5-mm central corneal ulcer involving the visual axis. The ulcer was approximately 15% depth with a surrounding infiltrate extending almost to the corneal limbus. A 20% hypopyon was identified. The patient was quite uncomfortable until cycloplegia was obtained with topical cyclopentolate 1% and homatropine 5%. Because of the central location of the ulcer, examination of the posterior pole was quite difficult; B scan ultrasonography revealed the retina to be attached without vitreous debris. Corneal scrapings were performed and the patient was started on topical fortified cephazolin 50 mg/mL and tobramycin 14 mg/mL every 15 minutes in the office, and the patient was sent home with instructions to use the drops every 30 minutes until bedtime and every hour throughout the night. Due to the erythema of the eyelids, the patient was also placed on oral Ceclor (40 mm/kg) or 500 mg orally, three per day.
Cultures grew Haemophilus influenza, sensitive to cephazolin, ciprofloxacin, gentamicin, tobramycin, and erythromycin. The patient rapidly responded to topical and oral antibiotics, with resolution of the hypopyon within 36 hours. By Day 5, the epithelium was intact. The topical fortified antibiotics were tapered on the basis of the clinical appearance. After 2 weeks of treatment, the patient had recovered 20/50 vision OD. At 3 months, the patient's vision improved to 20/30 OD. However, his cycloplegic reaction demonstrated significant myopia to a level of Ϫ5.50 ϩ 1.50 axis 75°OD and Ϫ6.00 ϩ 2.00 axis 90°OS. Despite repeated requests of the parents to bring the lenses in for culturing, this was not accomplished.
RESULTS
We report two cases of bacterial keratitis that occurred in children who were fit with Paragon CRT lenses for the correction of low to moderate myopia with less than 1.75 D of astigmatism. In both of these cases, the family's perceptions were that the CRT lenses would afford their children both the ability to function without glasses and would halt the progression of myopia. Intervention with topical fortified antibiotics and oral antibiotics in Case 2 resulted in rapid resolution, with good recovery of vision in each case to the 20/30 level. However, two lines of best corrected visual acuity were lost in each case. Both patients demonstrated myopic progression after discontinuation of the lenses.
DISCUSSION
The Paragon CRT is becoming a popular method for the correction of mild to moderate myopia in the United States. It has been estimated that approximately 20,000 people have been fitted with CRT lenses in this country. 2 CRT lenses have been marketed as a good alternative to refractive surgery in the pediatric population, as the use of refractive surgery has been done only under closely monitored studies and is currently considered off label usage. As a result, many parents are seeking alternative methods to traditional refractive surgery in order for their child to function without spectacles. For optimal effects, patients wear the CRT lenses overnight and remove them during the day. The CRT lenses are hyper-oxygen transmissible rigid lenses that are thought to mold the cornea with overnight lens wear. This increased oxygen transmissibility is thought to make this lens more comfortable and decrease the risk of infectious keratitis. However, overnight wear of compressive reverse geometry lenses that seem to thin the apical corneal epithelium may, in fact, result in microabrasions that allow for the adherence and reproduction of bacteria already present in the tear film. 4 The exact mechanism of action of CRT is unknown, but current theories suggest that there is a corneal epithelial molding involved with a resultant central epithelial thinning or compression. [5] [6] [7] [8] [9] If the epithelial layer is thinner in the central aspect of the cornea, it is possible that during overnight lens wear rapid eye movements may result in microtrauma of this thin corneal epithelium. The adherence of Pseudomonas to an orthokeratology lens has recently been demonstrated in a rabbit model. 4,10 -18 In this model, there was a statistically significant increase in P. aeruginosa binding to the epithelium of rabbit corneas accompanied by central epithelial thinning. The authors conclude that despite adequate lens oxygen transmissibility, the mechanical pressure of the contact lens on the corneal epithelium appears to be associated with increased adherence of P. aeruginosa. In our first case, the child indeed presented with a P. aeruginosa corneal ulcer.
A review of transcripts of the FDA Ophthalmic Devices Panel, during which the Paragon CRT lens was discussed, do not reveal studies that were performed on patients under 18 years of age to establish safety and efficacy. Numerous practitioners are advocating the use of these lenses in children and the incorporation of the Paragon CRT lenses into the optometric practice. 19, 20 In the pediatric population, these lenses may present an increased risk in the development of bacterial keratitis. When told by their parents that use of this contact lens is good for their vision, most children will not only comply but tolerate significant discomfort in order to please their parents. The family dynamic may complicate the compliance of the child. The use of these lenses is of concern because children in the elementary school environment are exposed to numerous bacteria and viruses solely based on the close proximity to many other children. As a result, despite knowledge of the importance of hand washing, this procedure may not be strictly followed and these children may be at greater risk for bacterial keratitis with the use of contact lenses in general. These cases demonstrate the potential sight threatening complications children may experience directly as a result of wearing contact lenses to reshape the cornea. This potential complication must be considered in the fitting and dispensing of these lenses. Education of both the child and the parent regarding tolerance of discomfort of the contact lenses and the handling and cleaning of the contact lenses, in addition to closer follow-up, should be required.
In both of these cases, the parents were under the impression that wearing of the Paragon CRT lenses would halt the progression of myopia in their children. Both families cited this as part of the motivation for fitting their children with these lenses. In both cases, the patients experienced myopic progression after the discontinuation of the lenses. In each case, the patients experienced a myopic increase of nearly 2 diopters sphere with an increase in the cylinder as well. The axis of the astigmatism was initially altered at presentation, but returned to the original axis within the first few weeks after discontinuation of the lenses. There was no evidence in either of these cases that wearing the CRT lenses halted the progression of the patient's myopia.
The Paragon CRT lenses are reverse geometry contact lenses that appear to thin the central corneal epithelium and are associated with a risk of microbial keratitis in the pediatric population. Use of these lenses in children requires extreme caution and education of the child and parents as to the possible sight threatening complications from this technology.
